iesembling forage poisoning, while the same year in the kingdom of Saxony a total of 1198 horses were attacked, with 76 recoveries. Robertson (Hoare, 1915) in England, described the disease as cerebrospinal fever, and its prevalence has been noted in Norfolk,;Essex and London. A similar disease occurring in Austria and Germanyamong horses is known asBorna disease (Hutyra and Marek, 1916) . In 1911 a disease among horses in France, resembling cerebrospinal meningitis, caused heavy losses in the region of Gray.
Federal and state employees have reported numerous sporadic outbreaks of forage poisoning in various localities of the United States, including Iowa, Illinois, Kentucky, Pennsylvania, Maryland, South Carolina and Tennessee, and its prevalence in the middle western and southern states especially has resulted in a heavy loss to the live stock industry. In 1912 it was estimated that 20,000 horses and mules died of cerebrospinal meningitis in Kansas, Nebraska and Missouri. In Kentucky the disease has been more prevalent in some years than in others, but sporadic outbreaks have frequently occurred. The heaviest losses have ROBERT GRAHAM AND A. L. BRUECKNER accompamed winter feeding, yet the disease has also been observed during the months of July and August. Numerous microorganisms have been suspected of an etiologic relation to this disease, but the conflicting evidence presented by different investigators has not been substantially or universally accepted; thus the primary cause of forage poisoning in domestic animals has continued a moot question. The frequency of forage poisoning following the ingestion of a variety of feeds visibly contaminated with molds, has led to a rather general belief that organisms of this class are the exciting cause of this disease. Various investigators, however, have failed, experimentally, to incriminate fungi isolated from supposedly poisonous feeds associated with this disease, and certain serious outbreaks of forage poisoning have been observed in horse and mule stock wherein visible cryptogamic contamination was not encountered and the feed to all appearances was sound and wholesome.
The possibility of an etiologic relation of toxic fungi to this disease has not been disregarded in our studies, but certain species resembling Monascus purpureus (Went), Fusarium sp., Aspergillus sp., and Diplodia zeae, isolated from poisonous feed and propagated in vitro in nutrient broth and sterile forage extracts, have not been productive of the disease in horses when admlinistered in the feed or injected under the skin, nor of a fatal intoxication in guinea-pigs and rabbits subsequently to ingestion or subcutaneous inoculation. From our preliminary experiments no definite conclusions can be drawn, though the negative results suggest that the relation of cryptogamic contamination of feeds in some outbreaks of this disease is purely secondary in character.
From a bacteriological standpoint, Johne, Ostertag and Grimm (Hutyra and Marek, 1916) blood, spleen, kidneys, mesenteric lymphatic glands and suprarenal glands from twenty-six experimental cases engendered by feeding and sub-cutaneous injections were cultured with negative results. In one case the organism was recovered from the stomach contents of a mule which succumbed as the result of ingesting 4 mils broth culture of the bacillus isolated from the oat hay, and in one other instance a similar pathogenic bacillus was isolated from the caecum con-tents of a horse that had succumbed to drinking water in which the oat hay had been immersed. Buckley and Shippen (1917) , in studying the pathogenesis of B. botulinus (a strain isolated from an outbreak of human food poisoning) observed that botulism intoxication, artificially induced in horses, presented clinical and anatomical changes similar to, and even indistinguishable from those recognized in forage poisoning. The morphological and cultural characters of the bacilli isolated from the oat hay and ensilage as observed in broth and in gelatin plate cultures, together with their pathogenic properties for guinea-pigs, horses and mules, suggested a striking relation to B. botulinus, which was later corroborated by serological and immunQlogical tests. Serum highly immune to B. botulinus proved efficacious in protecting horses against a fatal artificial intoxication induced by the anaerobes isolated from the feeds. Similar immunological tests were conducted upon guinea-pigs with positive results. Serum immune to each strain of bacilli isolated from the feeds proved capable of protecting experimental animals against many times the lethal dose of B. botulinus. The agglutinins present in serum highly immune to B. botulinus showed a positive agglutinating potency for the bacilli isolated from the forages, while the sera highly immune to each strain of bacilli isolated from the feeds possessed positive agglutinins for the homologous and heterologous strains from the forages, as well as for B. botulinus.
In an outbreak of forage poisoning in horses occurring on the McLean farm during the summer of 1916 at Ottawa, Illinois, Prof. H. P. Rusk and Dr. H. S. Grindley of the University of Illinois, proved conclusively by feeding tests that a corn ensilage taken directly from the silo incorporated the etiologic factor, independently of other feeds on this farm. The courtesy extended the writers by Rusk and Grindley afforded an opportunity to survey the premises and observe symptoms and gross anatomic alterations in several experimental horses fatally afflicted from ingesting the silage. The analogy of the clinico-anatomic disease observed in experimental horses on the McLean farm to forage poisoning as observed in Kentucky outbreaks, suggested the possibility of the ensilage on this farm being contaminated with a toxin-producing microorganism. A bacteriological examination of samples of the ensilage from this silo was therefore undertaken, and it is the purpose of this paper to report preliminary studies. The presence of B. botulinus or closely allied organisms was suspected and the anaerobic flora of the ensilage was therefore primarily considered.
Samples of silage. From the surface of the ensilage in the silo, approximately 100 grams of the broken leaves, shattered particles of corn cobs, and shelled corn were collected with sterile forceps and placed in a sterile bottle with tightly fitting ground glass cover. The surface sample (1) was taken from the area being fed daily to experimental horses. A second sample (2) was obtained from the same area after removing six or eight inches of the upper strata. These particles were considered representative of the unexposed ensilage which would be utilized in the course of ingestion experiments projected by Rusk and Grindley. Samples no. 1 (surface ensilage) and no. 2 (subsurface ensilage) were carefully protected from light and retained in the laboratory at a temperature of 45 to 500 F.
Technique of examination. Numerous saprophytic organisms were encountered and different methods of elimination were necessarily employed before adopting a definite procedure. From the samples of ensilage taken from the silo two or three small segments of leaves and other particles representative of the gross sample were placed in a sterile amber glass bottle to which was added 100 mils of sterile distilled water. The contents were gently shaken to wash the feed particles and the bottle placed at a temperature of 45 to 500 F. for twelve to thirty-six hours, following which the coarser particles in the sample were removed by filtering through sterile cotton. 1 mil of the slightly turbid filtrate was then added to 10 mils of glucose pork broth made faintly alkaline to litmus. The heavily inoculated tube was then subjected to a temperature of 80°C. for twenty:minutes to eliminate non-spore-bearing organisms. From the heated tube containing a variety of spore-forming organisms representative of the flora on the particles of feed in question, numerous dilu-tions were planted by platinum loop from tube to tube into faintly alkaline glucose pork broth which had been previously heated to expel the oxygen.
The inoculated tubes were then placed in a partial vacuum, the surface of the medium covered with neutral paraffin oil, or placed in a hydrogen atmosphere and allowed to incubate for five to ten days at a temperature of 22 to 24°C. The nature of the growth could be observed and recorded each day without disturbing the anaerobic conditions. Cultures showing mild gas production, followed by the development of a rancid odor, were stained and examined in cover glass films. A majority of the cultures after staining were not identified, but in some tubes organisms were encountered which morphologically resembled B. botulinus., 0.5 mil of the growth in these tubes was administered to guinea-pigs per os. Cultures proving fatal to guinea-pigs were again heated to eliminate non-sporeforming and vegetative bacteria, and dilutions were planted in neutral glucose gelatin plates. The plates were solidified at 150C. and glucose gelatin or agar containing glycerine 50% was poured over the surface to insure anaerobic conditions. The plates were then incubated in a partial vacuum at a temperature of 18 to 220C. Deep colonies developing in the plates were transferred to faintly alkaline pork broth where the morphology and cultural characters were observed.
Numerous non-pathogenic, spore-forming, anaerobic microorganisms were encountered in the silage samples, no. 1 from the surface and no. 2 from the subsurface. A micro6rganism was isolated from the subsurface sample showing the following characteristics:
Morphology and staining properties. Straight rod-shaped organism, slightly rounded at ends, measuring 0.8 to 1.2 microns by 3 to 6 microns. Slightly motile. Occurring singly and in pairs, rarely longer chains. Intracellular spores located near one end, slightly distending or bulging the wall. Staining evenly with the ordinary anilin dyes. Positive by Gram's method.
Cultural characteristics. Strictly anaerobic, but developing under aerobie conditions in association with Fusarium sp. Very sensitive to light. Optimum temperature for growth from 220 to 25°C. Growing best in media made from meat (pork), but also in decoctions made from forage plants, i.e., corn ensilage, alfalfa, oats and corn, of a faintly alkaline reaction. In media of an acid (+2.5) reaction in association with Fusarium sp. favorable growth took place aerobically. The addition of glucose to the medium apparently favored growth, as indicated by energetic gas production and the toxicity of the cultures. Gelatin was liquefied, with an odor of butyric acid in old cultures. Most characteristic development in plates of glucose pork gelatin of a neutral or faintly alkaline reaction. Small, round, yellowishbrown, deep colonies appeared in five to eight days. The colonies under low magnification presented a granular appearance, giving the edge a finely fringed periphery. About the margin of older colonies the area of liquefied gelatin presented numerous fine transparent rays. In the liquefied gelatin the colonies became more -or less disintegrated into small irregular granular clumps. Gas was formed, splitting the medium or collecting on the surface of the liquefied areas. The odor of butyric acid was pronounced in old cultures.
The organism produced an extracellular toxin in glucose pork broth and plain pork broth of a faintly alkaline reaction. The filtered broth culture, demonstrated to be sterile by cultural methods, proved fatal to guinea-pigs per os, and following a period of incubation engendered symptoms and death in a mule subsequently to ingestion. Similar symptoms were also recognized in the experimental horses on the McLean farm from ingesting the ensilage and some of the symptoms closely resembled those presented by horses The biological and pathological characters of the bacillus (laboratory index ss) isolated from the McLean ensilage suggested the possibility of securing an efficacious antitoxic serum by injecting sublethal doses into a goat. Serum (A-1) from a goat rendered immune to the bacillus (ss) isolated from the McLean ensilage was administered intraperitoneally to three guinea-pigs in doses of 0.5 mil, 1 mil and 1.5 mils respectively, followed in twenty-four hours by five times the lethal amount of broth cul-ture of the bacillus (ss) administered by the mouth. The antitoxic serum (A-1) apparently failed to protect the pig receiving 0.5 mil. The other two pigs remained healthy. A control pig receiving a similar amount of the toxin (ss) died in approximately eighteen hours. In a duplicate test similar results were obtained, suggesting thP;t the antitoxic serum (A-1) did not afford complete protection in 0.5 mil doses against five times the lethal dose of (ss) toxin, while 1 mil and 1.5 mils of the serum apparently did afford protection (see chart 1, and fig. 1 Following the drawing of serum (A-1) sublethal doses of toxin were administered to the goat, after which an antitoxic serum (B-1 and C-1) was obtained which apparently protected guineapigs in doses of 0.5 mil administered intraperitoneally against 0.1 mil of the homologous toxin (see chart 2). Goat serum B-1 and C-1 immune to the bacillus (ss) isolated from the ensilage, administered intraperitoneally in amounts of 0.5 mil, 1 mil and 1.5 nmils apparently provided protection to guinea-pigs against a fatal artificial infection of B. botulinus administered by the Mule serum immune to B. botulinus, protected guinea-pigs against five times the lethal amount of broth culture of the bacillus (ss) administered by the mouth. A composite sample of antitoxic serum, consisting of series A, B, C, drawings was ininjected intraperitoneally into three guinea-pigs in doses of 0.5 mil, 1 miU. and 1.5 mils, respectively. At the end of twenty-four hours each treated pig was given per os, 0.1 mil broth culture of the bacillus (ss). At the same time an untreated pig received a similar amount of broth culture of the bacillus (ss). The pigs receiving the serum remained apparently healthy while the con- Serum immune to B. botulitnus, administered intraperitoneally, apparently protected guinea-pigs against many times a lethal amount of the sterile filtered broth culture, or of the unfiltered broth culture of the bacillus (ss) isolated from the ensilage. 1917 An animal was subjected to several sublethal doses of B. botulinus toxin and at intervals of time serum was drawn from the jugular vein. A composite sample of antitoxic mule serum, series E and F, was injected intraperitoneally into three guineapigs in doses of 0.5 mil, 1 mil and 1.5 mils, respectively. Twentytwo hours later these animals received by the mouth 0.1 mil broth filtrate of the bacillus (ss) isolated from the ensilage. A control pig receiving an equal amount of the filtrate per os succumbed in twenty hours, while the serum treated pigs remained apparently healthy and were released after a period of twenty days (see chart-5 It has been noted that goat serum immune to the bacillus (ss) protected guinea-pigs against 0.1 mil broth culture of the homologous strain per os, and Also against 0.1 mil broth culture of B. botulinus per os. Goat serum (J) highly immune to B. botulinus, injected intraperitoneally into three guinea-pigs in doses of 1 mil, 1.5 mils and 2 mils respectively, apparently provided protection against ten times the lethal amount of the broth culture per os of the bacillus (ss). A control pig receiving a similar amount of the broth culture succumbed in approximately twenty-two hours (see chart 6 and fig. 2 Agglutination. The agglutinins present in sera highly immune to B. botulinus proved active to the homologous strain and to the bacillus isolated from the ensilage in question. Serum immune to the organism (ss) contained agglutinins active to the homologous strain and to B. botulinus (see chart 8). Sera immune to a similar bacillus isolated from an oat hay, to a bacillus isolated from the caecum of a horse following death from drinking water in which the above oat hay was immersed, and to a bacillus
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DISCUSSION
The extent of forage poisoning in animals resulting from toxinproducing organisms resembling B.. botulinus is not known, nor is the method by which ensilage and other animal feeds become contaminated well understood. A limited observation suggests that certain conditions in nature are favorable for the development of this type of organism on masses of feed. In this connection it is noted that the three animal feeds from which B. botulinus or closely allied organisms have been isolated were §tored en masse from two to six months before the contaminated portions were encountered in the feeding operations. Two contaminated feeds in our observations were obtained from silos, while a third, an oat hay, was found stored in a frame bam. The ability of B. botulinus and the bacillus (ss) isolated from the McLean ensilage to develop under aerobic conditions with Fusarium sp., and also in acid medium, suggests that such organisms might survive in nature under varying conditions. Jordan (1917) states that practicaUly all cases of botulism in human beings have been caused by food that has received some sort of preliminary treatment, such as smoking, canning or pickling. A majority of animal feeds are harvested, cured and stored in bulk for winter feeding, but it is very doubtful if all outbreaks of forage poisoning are associated with stored feed as the clinical disease has been observed in anils on pasture. Outbreaks of botulism in man have been recorded following the consumption of vegetable and fruit products (Dickson, 1916) , and the name botulism has thus lost its original significance (botulus = sausage) as related to the disease in the human family. Even less appropriate is the term botulim as applied to forage poisoning or cerebrospinal meningitis in animals. The termforage poisoning appears to be without objection as applied to this type of clinical disease in domestic animals.
The presence on animal feeds of anaerobic bacilli capable of engendering a fatal intoxication when propagated artificially is suggestive of the possible prophylactic or curative value of antitoxic serum in sporadic outbreaks of forage poisoning. In emer-
